Introduction {#S0001}
============

Chronic kidney disease (CKD) is a worldwide public health threat. It is still unrecognized by many low-resource countries as a potentially devastating cause of morbidity and mortality in their population.[@CIT0001] Globally, it has been estimated that more than 500 million individuals have CKD, defined by either kidney damage or glomerular filtration rate (GFR) \< 60 mL/min/1.73 m^2^ for greater or equal to 3 months, regardless of the cause.[@CIT0002] End-stage renal disease (ESRD) is the last stage of CKD, which needs dialysis to maintain patient's lives. This is when kidneys become no longer support the needs of the body.[@CIT0003] Kidney disease imposes disproportionate, incalculable human suffering and a catastrophic economic burden in African; less than 2% of the patients with ESRD have access to renal replacement therapy (RRT), making ESRD a death sentence for most patients.[@CIT0004] According to the WHO data published in April 2011, kidney disease deaths in Ethiopia reached 12,038 or 1.47% of total deaths.[@CIT0005]

Hemodialysis is the most common one in low-resource country with its provision being very challenging.[@CIT0006],[@CIT0007] Hemodialysis is a treatment modality that filter out the waste products from the blood circulates outside the body of the patient through a machine that has special filters.[@CIT0008] It is a renal replacement therapy for ESRD patients who consume substantial healthcare resources for management.[@CIT0009] Consequently, it is an economic problem that affects the ability of many consumers to access and use goods and services. So, the demand for hemodialysis may decrease when its costs increase and the nonadherence of patients remarkedly decreases.[@CIT0010],[@CIT0011] As a result, cost analysis is necessary for patients who are being chosen hemodialysis modality.

Patients with the end-stage renal disease usually have various comorbidities. The result is a continuous increase in the cost value of the resources consumption for producing hemodialysis services and a high burden of costs on patients.[@CIT0012],[@CIT0013] Thus, it means a high resource demand to every health-care system in the world. In low-income countries, hemodialysis in hospitals is the most common modality of RRT, and its provision being very challenging. Treatment for all is beyond the reach of most countries due to the lack of funds or health insurance to cover the high costs for the ever-increasing number affected.[@CIT0006],[@CIT0014]

Globally, the number of patients receiving RRT in 2010 was estimated at 2.618 million, with only 7.2% living in low-and-middle-income countries. African patients with ESRD have the lowest access to RRT, with only 9--16% being treated; in central and eastern Africa, the treatment rate is estimated to be as low as 1--3%.[@CIT0006] A study conducted in the United States, 2011, the incidence and prevalence rate of ESRD was 357 and 1901 per million populations, respectively, with Medicare spending for ESRD at US\$ 34.4 billion, and non-Medicare spending at US\$14.9 billion, total ESRD costs reached US\$ 49.3 billion.[@CIT0015] In another study, in high-income countries like that of the USA, the annual direct cost for peritoneal dialysis (PD) and hemodialysis were US\$103,801.93 and US\$ 95,437.93, respectively.[@CIT0016]

In middle-income countries like that of Chile, 2007, the study has been performed a cost evaluation of PD and hemodialysis, and the annual hemodialysis costs were US\$ 24,461.13.[@CIT0017] Brazil, 2013 evaluated the cost of hemodialysis in the treatment of ESRD, and the average annual cost per patient was US\$ 30,079.00.[@CIT0018] Moreover, in Spain, 2012 analyzed the cost of Spanish RRT for ESRD in the year 2010. The results reveal that the average cost for hemodialysis was US\$ 54,527.29 and US\$37,089.70 PD.[@CIT0019] In the case of Greece, 2008, the study took the perspective of the health system and focused on direct costs, and the annual cost per HD patient ranged between US\$ 46,649.21 for PD and US\$ 57,456.90 for HD.[@CIT0020] Similarly, in Spain, 2010 evaluated the economics of hemodialysis, and the result showed that the cost of hemodialysis was US\$ 67,432.[@CIT0021] In Nigeria, 2012, the cost of RRT was reported to be US\$ 42,784.91 for hemodialysis and US\$ 47,970.96 for PD.[@CIT0022] Similarly, according to the Egyptian renal registry in 2008, the prevalence of ESRD is 483 per million populations, and the cost of PD was US\$ 7,974.02.[@CIT0023] In Sudan, 2010, conducted a cross-sectional study to estimate the costs of kidney transplantation and compared those with the costs of hemodialysis per year. The annual cost of hemodialysis two sessions per week was US\$24,732.[@CIT0024]

Assessing patients in terms of sociodemographic and economic characteristics is helped to understand which is mostly affected by CKD and progressively turn into ESRD. That will eventually necessitate RRT and the cost of dialysis to be influenced by some of these patients' characteristics.[@CIT0025] Existing empirical evidence in higher-income countries showed that old age, marital status, and educational status were some of the factors associated with the cost of hemodialysis. Accordingly, a study conducted in the USA, 2011, the mean age of dialysis patients was reported 65 years. In the case of Germany, the mean age of dialysis patients was 63.9 years; the total cost reported to increase significantly with increasing age. While that of the Netherland and Germany being married and living with a partner increase the cost of hemodialysis. Besides, intermediate level education was the other factor that increases the cost of hemodialysis.[@CIT0002],[@CIT0026],[@CIT0027] Similarly, in middle-and-low income countries, old age and sex were significant factors for the higher cost of hemodialysis.[@CIT0028]--[@CIT0030]

From an economic point of view, allocate the health-care budget towards curable diseases seems rational and will be used as input for governmental agencies, non-governmental organizations, pharmaceutical industry, and continual supply of donors to improve healthcare service. However, several diseases that affect people all over the world can be related to lifelong disabilities, which can cause mental and physical impairments that bring limitations to patients' lives. So, patients have to learn how to live with these disorders by making the best of life, even though there might be some daily activities restrictions.

Ethiopian health systems rely on disease prevention and health promotion strategies that focus on infectious diseases. This principle has been affected by the utilization of the service among those patients with chronic conditions. Besides, health insurance also did not include the treatment and care services for patients with a chronic disease like dialysis, transplantation, and other services.[@CIT0031] The non-coverage of dialysis by the health scheme in our setup may significantly increase the costs, which can have an impact on the individual, family, and also the health system by itself. To date, in Ethiopia, there is no evidence about the cost of hemodialysis among end-stage renal disease patients. The study analyzed the cost from the patients' perspective, including direct medical, direct non-medical, and indirect costs, which shows the impact of hemodialysis on patients and the importance of its early treatment for policymakers. Therefore, the study aimed to measure the cost of hemodialysis treatment and associated factors among end-stage renal disease patients at the tertiary hospitals of Addis Ababa city and the Amhara region.

Materials and Methods {#S0002}
=====================

Study Design and Settings {#S0002-S2001}
-------------------------

A year (January 1 to end of December 2018) retrospective institutional-based cross-sectional study was conducted at the tertiary level governmental hospitals of Addis Ababa (AA) city and Amhara region, Ethiopia. In Addis Ababa city and Amhara region, five tertiary level hospitals provide hemodialysis services for end-stage renal disease patients. Those are Zewditu Memorial, St. Paulo's Millennium Medical College, Tikur Anbessa, Bahirdar Felegehiwot, and University of Gondar comprehensive specialized hospitals, which provides preventive, curative, and other palliative services for their catchment population in the outpatients, inpatients, and emergency departments.

Study Participants {#S0002-S2002}
------------------

A total of 172 adult end-stage renal disease patients who started hemodialysis treatment before December 30, 2017, in the tertiary governmental hospitals of AA city and Amhara region were included in the study. All eligible patients' medical record cards were assessed and labeled using their Medical Record Number (MRN) when they arrived at the clinics. All patients who were diagnosed with end-stage renal disease, older than 18 years, and had ambulatory care services were included in the study consecutively. Those who were seriously ill or unable to responded to the interview and came the second time during the data collection period were excluded.

Data Collection Instruments {#S0002-S2003}
---------------------------

An interviewer-administered semi-structured questionnaire that contained information on socio-demographics, economic and clinical factors, as well as direct medical, direct non-medical, and indirect costs, were used to collect retrospectively data on patients who were on hemodialysis treatment. The questionnaire was prepared from similar studies.[@CIT0004],[@CIT0006],[@CIT0032]--[@CIT0042] The data were collected through face-to-face interviews, and clinical data (number of drugs prescribed, comorbidities, and complications) were collected by reviewing patients' medical record cards. Then, information on costs was collected through chart review and patient interview.

For assuring the data quality, the questionnaire was first prepared in English and translated to the local language (Amharic) and back to English to ensure its consistency, and a pretest was done on 5% of the sample size at Dessie referral hospital before the actual data collection. Three bachelors in nursing and two health officers were recruited for data collectors and supervisors, respectively. Moreover, a 3 days training was given to data collectors and supervisors on the purpose of the study, data collection instruments, techniques and procedures.

Variables and Measurements {#S0002-S2004}
--------------------------

The cost of hemodialysis was the dependent variable measured by the direct and non-direct medical and non-medical costs. Whereas sociodemographic factors (age, sex, level of education, family size, and marital status), socioeconomic factors (wealth status, occupation), health services related factors (distance to the nearest health facility, availability of drugs, medical supplies, and laboratory services), types of vascular access for dialysis and related complication (arteriovenous fistula, Arteriovenous graft, venous catheter and frequently reported complication infections and thrombosis), comorbidity disease (hypertension, anemia, nutrition and vitamin deficiency, and others) were the independent variables.

In economic evaluation, it is crucial to describe the perspectives of a costing study because it mirrors the purpose of the study. One item may be considered a cost from one point of view, but not be considered a cost from another. Without clearly stating the perspectives of the study, it would not be possible to know the objectives of the study, and what costs should be included or excluded.[@CIT0043] Costs are defined as a composite sum of quantities of some activity multiplied by their respective prices,[@CIT0044] which described in four categories: direct medical costs, direct non-medical costs, indirect costs, and intangible costs.[@CIT0045] Our study was intended to measure direct medical, direct non-medical, and indirect costs.

Direct medical cost is the cost of the dialysis session, cost of drugs, cost of laboratory investigation and radiology, cost of arteriovenous fistula, cost of the central venous line (price and insertion), and others directly related to medical costs which incurred by patients.

Direct non-medical cost is the cost of transportation, cost of food, and others which are directly related to non-medical costs incurred by patients and their relatives.

Indirect cost is the cost of the absence of work (cost of lost wage) or other loss of production, which is indirectly related to being taken treatment incurred by patients.

The human capital approach is designed to estimate the value of human capital as the present value of his/her future earning under the assumption that we use future earning as a proxy for future production. It measures the indirect cost of hemodialysis by multiplying the mean salary by the number of days of work absence or by taking the value per index for informal.

All cost data were calculated as mean values per patient per year. The currency was adjusted with the United States dollar (USD), an international currency. The exchange rate between the USD and the Ethiopian Birr (ETB) at the time of data collection in 2018 was USD 1.0 = ETB 27.11.

The wealth index is based on the assumption that wealth or economic status is a latent variable. We assume that economic status is the common factor behind the ownership of the assets, such that household economic status explains the maximum variance and covariance in the asset variables. Such factors can be extracted from a set of variables by creating a set of mutually uncorrelated components or factors of the data using principal component or factor analysis.[@CIT0046]

Data Processing and Analysis {#S0002-S2005}
----------------------------

The data were entered into Epi-Data version 3.1 and exported to STATA version 14 software for analysis. Descriptive statistics were used and presented in narrations and tabular forms to show the patients' characteristics and costs of hemodialysis. The generalized linear model (GLM) was computed to assess the association of the independent factors with the total cost because of the non-normal distribution of the total cost.[@CIT0047]--[@CIT0052] Moreover, the modified Park test was applied to check the distribution used in the GLM, and the gamma family and log link function were used. Those variables having a p-value of \<0.2 in the bivariable analysis were included in the final GLM analysis. A p-value of \< 0.05 and a 95% confidence level were used to declare statistically significant variables with the cost of hemodialysis. The wealth status of the participants was assessed through the principal component analysis and ranked into three (low, medium, and high) levels.

Ethical Considerations {#S0002-S2006}
----------------------

Ethical clearance was obtained from the Institute of public health ethical review committee, University of Gondar (Ref. No. IPH/295/2018). Then, a letter of permission was secured from Zewditu Memorial, St. Paulo's Millennium Medical College, Tikur Anbessa, Bahirdar Felgehiwot, and the University of Gondar comprehensive specialized hospitals. Patients were informed about the purpose of the study, the right to refuse and withdraw at any time. Then, written consent was obtained from each participant before the actual data collection. Confidentiality and anonymity of study participants were safeguarded throughout the entire study by using a non-personal identifier. Finally, the study was conducted in accordance with the declaration of Helsinki.

Results {#S0003}
=======

Sociodemographic and Economic Characteristics {#S0003-S2001}
---------------------------------------------

A total of 172 end-stage renal disease patients undergoing hemodialysis treatment modality participated with a response rate of 97.7%. Nearly 67% of the participants were male, and the mean age of the study participants was 46.2 ± 11.6 years, ranges from 20 to 73 years. The majority (54.1%) of the participants were married, and 46.0% attended a secondary school level. Regarding their occupation, 36.6% and 13.4% of the study participants were unemployed, and government employees, respectively. Most (93.6%) of the study participants were residing in urban. Sixty-four percent of the study participants were orthodox. Moreover, 45.3% and 26.2% were from the Amhara and Oromo ethnic groups, respectively. The mean family size among the study participants was 4.29 (±1.68), and 33.8% of the patients were in the medium wealth status ([Table 1](#T0001){ref-type="table"}). Table 1Sociodemographic and Economic Characteristics of Participants at the Tertiary Hospitals of AA City and Amhara Region, Ethiopia 2019 (n=172)VariablesFrequency (n)Percent (%)Sex Male11566.9 Female5733.1Age in years 18--353218.6 36--559555.2 56--653621.0 ≥6595.2Marital status Married9354.1 Single3319.2 Divorced2011.6 Widowed1911.0 Separated74.1Educational status Unable to read and write95.2 Able to read and write158.7 Elementary school (Grade 1--8)127.0 High School (Grade 9--12)7946.0 College and above5733.1Occupation Unemployed6336.6 Merchant2615.1 Government employee2313.4 Farmer2212.8 Retired2212.8 Private employee169.3Ethnicity Amhara7845.3 Oromo4526.2 Somali179.9 Tigrie148.2 Agaw95.2 Guragihe95.2Religion Orthodox11064.0 Muslim4123.8 Protestant2112.2Residence Urban16193.6 Rural116.4Family size (mean=4.29) \<4.2910359.9 ≥4.296940.1Wealth status Low5733.1 Medium5833.8 High5733.1

Health Service-Related Characteristics {#S0003-S2002}
--------------------------------------

Participants averagely travel for 51.6 KM (ranges 1--280 km) to reach the hemodialysis center. Nearly 65% of the patients were used Taxi for their transportation. Only 11% of the patients' income was enough to cover the cost of hemodialysis. The majority of the patients have support from their relatives, friends, and neighbors for cop the cost of the Hemodialysis ([Table 2](#T0002){ref-type="table"}). Table 2Health Services Related Characteristics and Coping Strategies for the Cost of Hemodialysis Among ESRD Patients at Tertiary Hospitals of AA City and Amhara Region, Ethiopia, 2019 (n=172)Health Services and Coping StrategiesFrequency (n)Percent (%)Distance to hemodialysis unit (km) Less than 154325.0 15--508549.4 51--1002414.0 \>1002011.6Patient's income enough to cover the cost of hemodialysis Yes, always enough1911.0 No, not enough14584.3 Other\*84.7Coping strategies by patients to cover hemodialysis (n=153) Stay at home till the cost become available/minimize dialysis/week1610.5 Traditional healers or remedies117.2 Borrowing money1912.4 Have support from neighbor, relatives, and friends7247.0 Selling assets3220.9 Other\*\*32.0[^1]

Clinical Characteristics and Treatment Modalities {#S0003-S2003}
-------------------------------------------------

Nearly 59% of the patients stay on hemodialysis for one to 3 years. The majority (70.3%) of the patients had three sessions of dialysis in a week, and the duration of each session ranges from three to 4 hrs. About 71.0% of the patients were on multiple treatments for the complication of chronic kidney disease. Of these, 63.4% were taken Erythropoietin. Of the total ESRD patients, 124 (72.1%) of the had treatment for a complication related to vascular access they used. Arteriovenous fistula and catheter were the predominant vascular access used for hemodialysis ([Table 3](#T0003){ref-type="table"}). Table 3Service-Related Characteristics and Treatment Modalities for ESRD Participants at the Tertiary Hospitals of AA City and Amhara Region, Ethiopia 2019 (n=172)Services Related Factors and Treatment ModalitiesFrequency (n)Percent (%)Duration on hemodialysis (in years) Less than one5129.7 One to three10259.3 More than three1911.0Number of dialysis sessions/week Once116.4 Twice4023.3 Three times12170.3Duration of hemodialysis per session 3 hours116.4 3 ½ hours4325.0 4 hours11868.6Vascular access Fistula11164.6 Catheter4224.4 Others1911.0Presence of comorbidity Yes14886.0 No2414.0Anemia Yes9354.0 No7946.0Hypertension Yes5129.7 No12170.3Renal-osteodystrophy Yes8448.8 No8851.2Nutrition and vitamin deficiency Yes4727.3 No12572.7Treatment modalities other than hemodialysis No treatment1911.0 Single treatment3118.0 Multiple treatments12271.0Treatments (n=153) Erythropoietin9763.4 Vitamin D5837.9 Vitamin B3824.8 Folic acid6542.5 Calcium6945.1 Aluminum hydroxide2818.3 Blood pressure medication5032.7 Complication treatment related to vascular access13386.9

Cost of Hemodialysis {#S0003-S2004}
--------------------

The overall mean annual cost of hemodialysis treatment for end-stage renal disease patients was 121,089.27 (\$4466.59) ± 33,244.99 (\$1226.29) Ethiopian birr (\$1: 27.11 Ethiopian birr). The direct medical costs (hemodialysis, drugs, and laboratory investigation costs) have the largest percentage to the total hemodialysis treatment costs on patients (65.2%), 11.8% of hemodialysis costs on patients are direct non-medical costs, while 23.0% of hemodialysis costs are indirect costs ([Table 4](#T0004){ref-type="table"}). Table 4Annual Mean Cost of Hemodialysis Treatment Among ESRD Patients at the Tertiary Hospitals of AA City and Amhara Region, Ethiopia 2019 (n=172)Cost ComponentsMean ± (SD) of Cost% of the Total Cost of Hemodialysis TreatmentDirect medical costs Cost of dialysis72,528.84 (\$2675.35) ± 22,388.64 (\$825.84)59.9 Cost of drugs4992.00 (\$184.14) ± 3638.88 (\$134.23)4.1 Cost of lab investigations1469.28 (\$54.20) ± 2006.28 (\$74.00)1.2Direct non-medical costs14,311.23 (\$527.89) ± 14,714.08 (\$542.75)11.8Indirect costs27,787.92 (\$1025.00) ± 16,970.04 (\$625.97)23.0Total cost121,089.27 (\$4466.59) ± 33,244.99 (\$1226.29)100.0[^2][^3]

Factors Associated with the Cost of Hemodialysis Treatment {#S0003-S2005}
----------------------------------------------------------

Generalized Linear Model (GLM) was fitted to identify the factors associated with the overall annual mean cost of hemodialysis among end-stage renal disease patients at the tertiary hospitals of AA city and Amhara region. The modified Park test result showed that the overall annual mean cost of hemodialysis was within the gamma distribution (coefficient 2.0002, 95% CI: 2.00018--2.00024, SE: 0.0000129, p-value \< 0.001). In the final multivariable analysis, age, wealth status, visits per month, anemia, and comorbidity were significantly associated with the cost of hemodialysis treatment among ESRD patients.

Accordingly, as age increase by a year, the cost of hemodialysis increased by 1.011 times the mean cost (ex(b): 1.01, 95% CI: 1.00--1.01, p-value \<0.001). Being in the highest wealth status has incur the cost of hemodialysis by 1.09 times more compared to the lowest wealth status (ex(b): 1.09, 95% CI: 1.02--1.16, p-value: 0.008). Having eight and 12 visits per month incur the cost of hemodialysis by 1.27 (ex(b): 1.27, 95% CI: 1.13--1.42, p-value \< 0.001) and 1.34 times (ex(b): 1.34, 95% CI: 1.19--1.50, p-value \< 0.001) compared to those who have a visit per month, respectively. The presence of anemia was incurring the cost of hemodialysis by 1.13 times the mean cost (ex(b): 1.13, 95% CI: 1.06--1.20, p-value \< 0.001) compared to those who do not have anemia. The presence of comorbidity incurs the cost of hemodialysis by 1.09 times the mean costs (ex(b): 1.09, 95% CI: 1.00--1.20, p-value: 0.039) compared to those who do not have comorbidity. Sex, education, presence of hypertension, renal-osteodystrophy, number of drugs, and complications did not have a significant impact on the total cost of hemodialysis for those end-stage renal disease patients in the final GLM analysis ([Table 5](#T0005){ref-type="table"}). Table 5Generalized Linear Model Analysis to Identify the Factors Associated with the Costs of Hemodialysis Treatment Among ESRD Patients at the Tertiary Hospitals of AA City and Amhara Region, Ethiopia, 2019VariablesExp (b)SEP value95% CISex Male1.030.0270.3380.97--1.08 Age1.010.001\<0.0011.00--1.01Education Able to read and write0.980.0670.7610.85--1.12 Elementary school (Grade 1--8)0.950.0670.4320.82--1.09 High school (Grade 9 −12)1.040.0620.4940.92--1.17 College and above1.090.0680.1810.96--1.23Wealth status Middle1.040.0310.1720.98--1.11 Highest1.090.0340.0081.02--1.16Complication of CKD Yes1.030.0310.1720.98--1.11Comorbidity Yes1.090.0490.0391.00--1.20Visits per month 8 visits1.270.072\<0.0011.13--1.42 12 visits1.340.078\<0.0011.19--1.50Anemia Yes1.130.033\<0.0011.06--1.20Hypertension Yes1.040.0310.1560.98--1.11Renal osteodystrophy Yes1.030.0300.3330.97--1.09Number of drugs Single0.920.0440.0680.83--1.01 Multiple0.950.0480.2970.85--1.05-cons41,082.093922.010.000134,071.42--49,535.30[^4][^5]

Discussion {#S0004}
==========

A prevalence-based cost of hemodialysis treatment study was carried out retrospectively among end-stage renal disease patients at the tertiary hospitals of Addis Ababa city and Amhara region. The study revealed that the annual cost of the hemodialysis treatment was ETB 121,089.27 (\$4466.59) per patient per year, in which 65.2%, 11.8%, and 23.0% of the costs covered by the direct medical, direct non-medical, and indirect costs, respectively.

The finding is slightly higher than that of a study conducted in Indonesia.[@CIT0053] Our higher cost of hemodialysis treatment might be due to the difference in time, the perspectives of cost measurements, the currency exchange rate, and the difference in study participants in which our included only ESRD patients. Our finding is nearly in line with a study conducted in Sudan, 2010, the cost of hemodialysis was US\$ 6847.00.[@CIT0024] This comparable finding might be explained by the similar use of perspective to measure the cost of hemodialysis and also similar hospital level. Our finding is lower than a study conducted in Chile in 2007, and showed the cost of hemodialysis treatment was US\$ 24,461.13,[@CIT0017] Nigeria in 2012; the cost of hemodialysis was \$42,784.91,[@CIT0022] in Brazil the average annual total cost of hemodialysis was \$30,079.[@CIT0018] Moreover, it has remained considerably less than that of a study conducted in the USA in 1998 which was US\$ 95,437.93,[@CIT0016] Greek in 2008 is US\$ 57,456.9,[@CIT0020] and Spain in 2012 is ranged US\$ 54,527.29 to \$67,432,[@CIT0019] and India showed that the annual health system costs of hemodialysis were \$858 873.[@CIT0033] This significant variation of hemodialysis cost might be due to the difference in the socioeconomic status, types of hospitals in which our study included only governmental hospitals but others included the private hospitals. The other possible reason might be the differences in the study perspective (patients' perspective) and the items of costs involved.

Our study finding showed that 65.2%, 11.8%, and 23.0% of the total annual hemodialysis treatment cost were covered by direct medical, direct non-medical, and indirect costs, respectively. This result is consistent with a study conducted in Sudan, 2010 which showed that 67.6%, 10.8%, and 21.6% of the total cost of the hemodialysis was covered by the direct medical, direct non-medical, and indirect costs, respectively,[@CIT0024] and a study conducted in Germany showed that the largest part of the costs (55%) was caused by the dialysis procedures.[@CIT0026] But the finding is inconsistent with a study conducted in Spain, 2010 (drugs and consumables cost) constituted 51--78% of the overall expenses of dialysis.[@CIT0021] In Brazil, 82.3% of the total cost of hemodialysis is accounted for direct medical cost, 5.3% direct non-medical cost and 12.4% indirect cost of hemodialysis.[@CIT0018] The possible explanation for the discrepancy could be the accessibility of health services in that of Spain and Brazil which might decrease the direct non-medical and indirect costs. Moreover, the variations in the socioeconomic status of the study participants might be the other possible explanation.

The study finding showed that multiple sociodemographic and economic factors, old age, higher wealth status, having more visits per month, presence of anemia, and comorbidity were factors significantly increase the cost of hemodialysis treatment among ESRD patients. As the age increase by a year, the cost of incurring hemodialysis treatment increases by 1.01 times the mean cost. This finding is supported by studies conducted in France,[@CIT0054] UK,[@CIT0025] Brazil,[@CIT0018] and Nigeria,[@CIT0022] which showed the cost varies depending on the age and dominantly higher among the older age group. This might be explained by the age increase the complication of chronic kidney disease will increase, and older ages are prone to comorbidity, which increases the cost of hemodialysis treatment.

Being in the higher wealth status increases the cost of hemodialysis treatment by 1.09 times compared to the lower wealth status. Moreover, having eight and twelve visits per month increases the cost of hemodialysis treatment by 1.27 and 1.34 times more compared to those who have once visit per month. This finding is supported by a study conducted in India showed that patients in the higher income were more likely to incur the cost of hemodialysis treatment.[@CIT0033] This might be explained by those who were wealthier can afford the cost of the hemodialysis treatment; particularly the direct non-medical costs. The other possible justification might be since the services have been provided in the tertiary hospitals level of the country in our study, which has been located in the central, patients might incur more costs as the visits increase. So, the Ethiopian health system should be revised to increase the hemodialysis treatment services by providing at the general and primary hospital levels.

Having anemia and other comorbidity increases the cost of incurring for hemodialysis treatment by 1.13 and 1.09 times the mean annual costs, respectively, which is supported by studies conducted in France[@CIT0054] and Calgary,[@CIT0055] in which comorbidity significantly increases the cost of hemodialysis treatment. For those end-stage renal disease patients with comorbidity, the probability of ordering multiple drugs and treatment is higher, which increases the costs simultaneously. But, the level of cost incurring differs between ours and other studies. This difference may be heterogeneity in underlying comorbidities among patients in the study participated and their study perspective and methodology they used. Other studies included the cost of hemodialysis with an aviary of economic perspectives.

Finally, this study gives an insight into the establishment of a national end-stage renal disease registry, universal access to ESRD treatment, and the implementation of targeted-screening programs of chronic kidney disease that offer an opportunity for enhancing the prevention and control of ESRD in Ethiopia.

Strengths and Limitations of the Study {#S0005}
======================================

Our study included all the tertiary level hospitals of the Addis Ababa city and Amhara region that might give a representative sample for end-stage renal disease patients. Moreover, the data collection techniques used multiple data sources, both face-to-face interviews and patient medical records reviews. But our work might not be free from recall bias since it uses a retrospective of cost estimation. Moreover, the cost of hemodialysis was limited to the patients' perspective and does not incorporate other costs of the health system. Besides, the intangible costs were not estimated in this study, which might affect the total cost of hemodialysis treatments.

Conclusion {#S0006}
==========

The annual cost of hemodialysis treatment among end-stage renal disease patients was significantly high compared to the national per capita health expenditure, and two-thirds of the total cost was covered by the direct medical cost. The study showed that the economic burden of hemodialysis treatment on end-stage renal disease patients and their family, like many families' monthly income is not enough to cover the hemodialysis cost. Old age, high wealth status, having more visits per month, presence of anemia, and comorbidity were the factors that significantly increased the cost of hemodialysis treatment among end-stage renal disease patients. Therefore, to reduce the significant burden of hemodialysis treatment costs on patients, the health-care system must make a great effort for cost reduction and reduce the number of patients with kidney disease before they reach end-stage through early detection. Besides, it should increase the treatment availability by opening a hemodialysis unit in the district hospitals to decrease the direct non-medical costs. The Ethiopian health insurance system should also revise its services packages to include the dialysis treatments for the reduction of direct medical costs.

Furthermore, future studies should conduct cost estimation including the intangible costs and use of other perspectives to capture a wider range of adverse events of ESRD in the country, thereby providing a broader assessment of costs.
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[^1]: **Notes:** \*First enough but gradually not enough; \*\*Not using any coping mechanism.

[^2]: **Note:** US\$1 =27.11 ETB according to the commercial bank of Ethiopia, December 2018.

[^3]: **Abbreviations:** ETB, Ethiopian Birr; SD, standard deviation; US\$, United States dollar.

[^4]: **Note:** Statistically significant at a p-value of less than 0.05.

[^5]: **Abbreviations:** CKD, chronic kidney disease; CI, confidence interval; Exp (b), exponential of beta; SE, standard error.
